The study probed into reducing faecal indicators and pathogenic bacteria, heavy metals and β-lactam antibiotics, from four types of secondary effluents by bioaugmentation process, which was conducted with Bacillus subtilis strain at 45 W C. As a result, faecal indicators and pathogenic bacteria were reduced due to the effect of thermal treatment process (45 
INTRODUCTION
Proper handling of sewage effluents has gained heightened recognition due to the presence of many pollutants, including pathogenic bacteria, viruses and parasites, as well as heavy meals and antibiotics (Sano et In terms of the disinfection process, the oxidation process of ozonation has led to the increase of assimilable organic carbon, and thus, increases the pathogen growth potential, as recorded for Escherichia coli O157 and of Bacillus subtilis and Clostridium sp. in disinfected waters (Alonso et al. ; Ting et al. ; Wang et al. ) .
Also, in regard to heavy metals, both adsorption and ion exchange techniques have become ineffective in achieving the removal level acquired to meet the standard limits if the heavy metals' concentrations are between 1 and 100 mg L À1 (Putra et al. ; Wang & Chen ) . These techniques are designed to remove one pollutant, such as heavy metals alone; therefore, the secondary effluents have to be subjected to further treatment process to reduce other pollutants, such as pathogenic bacteria. On the other hand, the antibiotics could not be removed completely by sewage treatment processes, and the removal efficiency ranged between À34 and 72% (Gao et al. ) . β-lactam antibiotics enter sewage streams through faeces and urine because the main removal of β-lactam antibiotics from the body is by secretion into the urine (Pauwels & Verstraete ) . In fact, the discovery of antibiotics in sewage effluents has been reported by numerous authors in the literature: trimethoprim and ciprofloxacin in Sweden (Olofsson ) ; erythromycin, tetracycline, cephalexin and norfloxacin in Hong Kong (Gulkowska et al. ) ; fleroxacin, ofloxacin, sulfapyridine and sulfamethoxazole in China (Gao et al. ) ; as well as amoxicillin, ampicillin and ciprofloxacin in Tanzania (Kihampa ).
As mentioned earlier, it appears that in order to remove more than one pollutant, such as pathogenic bacteria, heavy metals and antibiotics, a series of treatment stages is required. Nevertheless, the treatment process has to be a simple system with only a few requirements of chemical additives, besides possessing the ability to remove a wide range of the challenging contaminants within one stage (Lim et al. ) .
In addition, the increased loads of antibiotics and heavy metals in sewage might induce the bacterial cells to acquire resistance/tolerances, either by mutation or by the transfer of resistant genes among the bacteria. This results in the bacterial strain to have the potential to resist antibiotics and heavy metals simultaneously (Silva et al. ) . For instance, Bacillus spp. have developed strategies for survival in unfavourable environments. Other than that, many decomposing bacteria are present during sewage treatment in the stage concerning the biological process (secondary process).
In this work, B. subtilis 2012WTNC, which was isolated from secondary effluents, displayed the potential to biodegrade cephalexin by β-lactamase. The ability of β-lactamase (EC 3.5.2.6) produced from bacteria to hydrolyse the β-lactam ring of β-lactam antibiotics, thus, had been found to further inactivate the compounds (Liao et al. ) . Therefore, the bioaugmentation process, including adding selected indigenous bacteria strains into sewage effluents, might be efficient in degrading antibiotics, as well as in removing heavy metals via biodegradation and biosorption processes simultaneously. Moreover, bioaugmentation of wastewater by adding selected strains' cultures can improve the catabolism of specific compounds and it is indeed a promising technique to solve practical problems in wastewater treatment plants, and to enhance removal efficiency (Herrero & Stuckey ) . This process, nonetheless, would be more efficient if conducted at a temperature above that required for pathogenic bacterial growth, which does mean that this process would contribute in reducing pathogens. 
MATERIALS AND METHODS

Source of secondary effluent samples
The secondary effluents were collected from the Jelutong Sewage Treatment Plant (JSTP) located at Penang, Malaysia.
The sewage that flowed to this plant comprised residential, In brief, the sample bottle was shaken vigorously at least 25 times to distribute the bacteria uniformly. One mL of each effluent was filtered, and the membrane filter was removed from the filter base with forceps (sterilized by alcohol flaming) and placed onto the Endo agar for FC, bile esculin iron agar (BEIA) for Enterococci, xylose lysine deoxycholate agar (XLD) for Salmonella spp. and mannitol salt agar (MSA) for S. aureus. The plates were closed and sealed using a Para-film, then transferred into a plastic bag containing wet cotton to prevent dryness, and incubated for 24-48 h at 37 W C for E. faecalis and Salmonella spp., and S. aureus at 44.5 W C for FC.
Confirmation tests for faecal indicator and pathogenic bacteria
The colonies of FC grew with a greenish metallic sheen or pink colour on the Endo-agar and EMB agar. In order to confirm the FC colonies, APHA () was employed. In brief, a loopful of a single colony grown on the Endo agar and the EMB agar incubated at 44.5 W C was transferred and inoculated to an EC medium broth tube containing
Durham tubes. After 24 h, the tubes were examined for growth and gas bubbles in the EC Medium (Merck, Germany) broth tube to confirm the presence of FC. Next, the number of bacteria was calculated and reported in terms of CFU of the bacteria per 100 mL of the sewage effluent sample. In order to ensure that the reduction of faecal indicators and pathogenic bacteria had been less than the detection limits, 10 mL of the treated effluent was filtrated through the membrane filtration and then, the filter was transferred and placed on the surface of a brain-heart infusion medium as an enriched medium and incubated at 37 W C for 48 h; the absence of growth indicated the total elimination of bacteria (Al-Gheethi et al.
).
If there was no growth of bacteria, the number of colonies were considered as 10 CFU/100 mL.
Indigenous bacterial growth and nickel ions removal
The growth of B. subtilis 2012WTNC in the secondary effluents during the treatment process was estimated by using the direct plating technique on Nutrient agar and expressed in 
where E is the removal efficiency, C i is the initial concentration of nickel ions (mg L À1 ) and C f is the final concentration of nickel ions (mg L À1 ).
Biodegradation of cephalexin
The biodegradation of cephalexin by B. subtilis 2012WTNC was determined based on the determination of β-lactamase in the secondary effluents. β-lactamase (EC 3.5.2. The concentrations of enzyme, U mL À1 , is given by
The percentage of biodegradation was calculated based on Equation (2) (Al-Gheethi & Norli ):
Statistical analysis
The data were subjected to a one-way analysis of variance (ANOVA) with three determinations. The results were compared by employing the one-way ANOVA post hoc multiple comparison (LSD). The ANOVA tests were performed to determine the significance of the differences among the results. The differences were considered significant at p < 0.05.
RESULTS AND DISCUSSION
In the present work, the bioaugmentation process for four types of secondary effluents using indigenous B. subtilis The initial concentration of Enterococci presented in the secondary effluents at the beginning of the bioaugmentation process was 2.3 × 10 5 CFU/100 mL ( Figure 3 ). The counts of Enterococci in E3 declined to less than 100 CFU/100 mL after 4 days, while there were still more than 1,000 CFU/100 mL in E1 and E4. In E2, Enterococci was still more than 3.2 × 10 2 CFU/100 mL at 30 days.
The reduction of Salmonella spp. during the bioaugmentation process of E3 was more than that for the other effluents.
Moreover, Salmonella spp. decreased to less than the detection limits ( 10 CFU/100 mL) after 8 days of treatment, before it increased again after 16 days, but to insignificant levels (p < 0.05) (16.98 CFU/100 mL) (Figure 4 ). The reduction of Salmonella spp. in E1, E2 and E4 showed different behaviours compared to FC; after 16 days of the bioaugmentation process, the concentrations of Salmonella spp. in E2 was 1.1 × 10 2 CFU/ 100 mL and more than that in E1 and E4. However, the presence of Salmonella spp. had been less than the detection limits ( 10 CFU/100 mL) in E1, E2 and E3 after 32 days, as determined by the enrichment medium.
The ability of S. aureus to survive in the domestic treated effluent samples (E1) was more than those in industrial (E2),
hospital (E3) and mixed effluents (E4). The inactivation of
S. aureus in E2, E3 and E4 occurred rapidly after 16 days of the bioaugmentation process, where the concentrations were less than the detection limits, while it was 2.5 × 10 2 CFU/100 mL in E1. Also, S. aureus was eliminated from E2 and E4 after 32 days, but it was not eliminated from E1 and E3 during the same period. However, it was less than the detection limits ( 10 CFU/100 mL) after 64 days Regarding an environment supporting bacterial growth, the strength of the treatment process in disinfecting secondary effluents depends on the inactivation of pathogenic bacteria and the constitution of the secondary effluents. It has been well-documented that pathogenic bacteria grow in a range ); M (moderate, 2-3 log 10 CFU mL À1 ); T (tolerate, >4 log 10 CFU mL À1 ). For antibiotics S ¼ susceptible, diameter of the inhibition zone >1.2 cm; M ¼ moderate, diameter of the inhibition zone between 1.0 and 1.2 cm; R ¼ resistance, the diameter of the inhibition zone between 0.7 and 1.0 cm. . Error bars represent the standard division from the mean. Error bars represent the standard division from the mean.
With regard to that, for the composition of the secondary effluents, it was observed that the reductions of FC and Enterococci in E3 were significantly more than those in E1, E2 and E4, as determined by the paired t-test (p < 0.05). The growth of B. subtilis 2012WTNC in E3 was also less than in E1, E2 and E4. This might be due to the presence of cephalexin, which inhibited the bacterial cell wall synthesis, thus enhancing the reduction levels. B. subtilis 2012WTNC was less sensitive to cephalexin as it was acclimatized to tolerate high concentrations of cephalexin during the screening process. E4 also contained cephalexin, but the presence of nickel ions might limit the effect of cephalexin on the bacterial cell growth.
As previously stated, it was noted that the presence of FC, Enterococci, Salmonella spp. and S. aureus of the secondary samples after 64 days of the bioaugmentation process were less than the detection limits, in comparison to the concentrations at zero day, which indicated that the quality of the secondary effluents had improved.
The second objective of this treatment was to biodegrade cephalexin by B. subtilis 2012WTNC. The results are presented in Figure 7 . It was observed that B. subtilis 2012WTNC had the ability to biodegrade cephalexin after 16 days. Biodegradation of cephalexin in E4 was more significant (as determined by the paired t-test, p < 0.05) than that in E3 (13.5 versus 56.1%), respectively. The degradation of cephalexin in E3 and E4 without B. subtilis was very low (less than 5%), and therefore, the degradation recorded in this study was due to the bacterial enzyme. In fact, Bacillus spp. is industrially employed to produce enzymes under extreme (pH and temperature) conditions (Banik & Prakash ) . In relation to the effect of pH values on the biodegradation of cephalexin, it was noted that they ranged from 6.5 to 7.5 at the maximum biodegradation percentage. These findings were similar to those According to EQA 1974 , Regulation 2009 Standards A and B, the pH value of secondary effluents should be in the range of 5-9. Therefore, the best treatment process is the one that does not change the pH of the treated effluents to less than 5 or more than 9. In this study, the pH was in the range of 5-9 at the end of the treatment process.
B. subtilis 2012WTNC displayed the potential to remove both β-lactam antibiotics and heavy metals from secondary effluents that had been heavily contaminated with heavy metals, as well as to confront any contamination in secondary effluents obtained from hospital sewage or industrial wastewaters. B. subtilis 2012WTNC was chosen in this study based on its specific criteria determined in the section 'Bacterial strain'. These criteria were applied in this work and were suitable to choose the bacterial isolates to remove heavy metals from secondary effluents.
CONCLUSION
It can be concluded that the bioaugmentation process investigated in this study projected the potential to reduce faecal indicators and pathogenic bacteria, heavy metals, as well as β-lactam antibiotics in one stage. Two major treatment processes were combined into one stage, temperature control and the addition of B. subtilis. As a result, FC was reduced to meet the standard limits set by the US EPA, and nickel ions were decreased to meet EQA1974, Regulation 2009 (Sewage) Standard B. Other than that, the pH levels were still in the range recommended by these regulations. This process would be able to improve the quality of secondary effluents. The sewage treated effluents generated from this process were suitable for safe disposal or to be reused in agriculture. However, it is important to indicate that the process had been proven to be efficient for inactivation of pathogenic bacteria in those specified conditions. Moreover, more studies with other types of pathogens, such as viruses, should be carried out.
